Abstract: Anaplasma phagocytophilum is an obligate intracellular bacterium, circulating in the natural foci in enzootic, vector-host cycle. In Europe, A. phagocytophilum is transmitted by Ixodes ricinus ticks. In Slovakia, cervids which are considered as naturally infected reservoirs of A. phagocytophilum are besides the ticks commonly infested with insects from the family Hippoboscidae. In this study, the presence of A. phagocytophilum was confirmed in deer keds (Lipoptena cervi) removed from deer by using of molecular approach. Detection of A. phagocytophilum in deer keds represents the remains of infected blood meal taken from infected deer host, what underlines the potential role of these blood-sucking insects in the mechanical transmission of pathogenic bacteria within the susceptible population of wild animals. Moreover, it may suggest the risk for the transmission of A. phagocytophilum or related pathogens to humans and healthy animals via the bite of infected hematophagous ectoparasites.
Introduction
The family Hippoboscidae comprises of three genera: Lipoptena Nitzsch, 1818, Hippobosca L., 1758 and Melophagus Latreille, 1802, which parasitize on birds and mammals worldwide (Halos et al. 2004) . Besides the ticks from Ixodes ricinus L., 1758 complex, deer keds (Lipoptena cervi L., 1758) are considered as one of the most frequently occurring blood-sucking ectoparasites of cervids in Europe (Haigh et al. 2002; Kaunisto et al. 2009 ). After the mating, inside the uterine sac of adult female fly, larva develops and when is ready to pupate, it is extruded out. Fully grown larva pupates in the fur or falls to the ground (Bequaert 1939 ) then hatches into adult winged fly during the late summer or fall. After finding a suitable host, the wings are shed and both sexes start to feed on host's blood by sucking through piercing mouthparts (Bequaert 1953; Haarlov 1964; Hackman et al. 1983) . Each female can produce 12-15 larvae during its life in 6-8 day intervals after the previous deposition (Small 2005) . Deer keds are believed to reproduce especially on cervids and wingless adults remain in the fur of the host for almost entire life (Bequaert 1953) . It has been observed that adult deer keds which fall down from their hosts could survive only for about 7 days, but make active efforts to find a new host by climbing to the top of suitable objects (Small 2005) . Therefore, passing by can be serious in the view of eventual mechanical transmission of pathogens.
Veterinary importance of deer keds embodies in blood taking, itching, rubbing and scratching accompanied by formation of dermatitis lesions which may lead to the secondary infections and overall reduction of the host's condition (Dehio et al. 2004) . Deer keds can, however, occasionally, bite also humans (Rantanen et al. 1982; Kortet et al. 2010) .
In the last decades, attention is focused to the determination of the role of deer keds in circulation and maintenance of vector-transmissible pathogens and their vector competency for infectious agents. The presence of pathogens has already been observed in ectoparasites from the family Hippoboscidae. Bartonella sp., Borrelia sp., Trypanosoma (Megatrypanum) sp. as well as some filarial nematodes are transmitted by Hippoboscidse (Nelson & Bainborough 1963; Böse & Petersen 1991; Dehio et al. 2004; Lane et al. 2005; Reeves et al. 2006; Kaunisto et al. 2009 ). Bacterial aggregates of Bartonella schoenbuchensis have been observed in the Explanations: Maximum number of deer keds per sample of skin was three individuals; minimum number was one deer ked per sample; prevalence of infestation of deer could not be calculated as deer keds were removed from samples of skin not from the whole body of individual deer. midgut of deer keds. This indicates that deer keds support the replication of pathogen and could serve as potential biological vectors (Dehio et al. 2004 ).
Up to now, deer keds have not been shown to transmit any infectious agents to humans. On the other hand, the louse flies feed on animals which are considered as reservoirs of agents with an anthropozoonotic potential, what raises the risk for occasional transmission of pathogens to humans -foresters, hunters and hikers as well as to other species of wild and domestic animals.
The main aim of our study was to investigate whether Anaplasma phagocytophilum, the agent responsible for granulocytic anaplasmosis (GA) of humans and animals, occurs in deer keds collected from the samples of skin with fur of twelve tested deer which are considered as naturally infected reservoir hosts of these bacteria.
Material and methods
During 2008-2010, tissue samples (skin with fur, muscle, liver or spleen) of altogether 122 deer (106 red deer, 13 roe deer and 3 fallow deer) shot by professional hunters were collected at different locations of eastern and central Slovakia and sent to our lab preserved in 75% ethanol. In 12 cases we had to our disposal samples of skin with fur and ectoparasites. In the remaining 110 cases, we had samples of muscle, liver or spleen. Therefore, only from 12 samples of skin with fur we were able to remove ectoparasites and these 12 infested deer individuals were included in the present study: three red deer (Cervus elaphus) and two fallow deer (Dama dama) originated from the locality Turňa nad Bodvou (48 • 36 N, 20
• 52 E), three red deer and one roe deer (Capreolus capreolus) from the breeding farm of Rozhanovce (48
• 45 N, 21
• 20 E), and three roe deer originated from the locality of the village Paňovce (48
• 38 N, 21
• 03 E). In total, 19 wingless deer keds were removed from the fur of twelve tested animals (Table 1) . Moreover, 94 winged deer keds were collected at three different localities of eastern Slovakia (Tajba Nature Reserve/48
• 23' N, 21
• 46 E, Recreational park Jahodná nearby the Košice city/48
• 46 N, 21
• 08 E, and Hrhov village/48
• 36 N, 20
• 45 E) by flagging the vegetation and the top of the leaf litter using 1 m 2 of white cloth (Table 2) . Deer keds attached to the flag were picked with tweezers and placed into 1.5 ml test tube filled with 75% ethanol. Tissues of skin with fur as well as deer keds were simultaneously examined for the presence of A. phagocytophilum.
Tissue samples (muscle, liver, spleen or skin with fur) from 12 tested animals were frozen. Deer keds were removed and stored in 75% ethanol until further processing. Prior to extraction, each deer ked was picked out of ethanol and washed in sterile distilled water in order to remove the surface contaminations. Subsequently, deer keds were dried on air under the light-bulb for 30 minutes. Tissue samples of skin (approximately 30 mg) as well as ectoparasites were cut with disposable sterile scalpels. Genomic DNA from tissue samples and wingless deer keds was isolated using DNeasy Blood and Tissue Kit (Qiagen) according to manufacturer's recommendation. From the questing (unengorged) deer keds DNA was extracted by the method of alkaline hydrolysis (Guy & Stanek 1991) . Ammonium solution (1.25%) was prepared by dilution of 1 ml of 25% ammonium p. a. (Merck) in sterile distilled water.
Molecular detection of A. phagocytophilum was based on nested PCR amplification of 16S rRNA gene as published previously (Kawahara et al. 2006) . Negative control consisted of PCR mix with nuclease free water added instead of DNA. Sequenced A. phagocytophilum (GenBank Acc. No. GQ122212) isolated from deer was used as the positive control. The amplification was performed in MyCycler Thermal Cycler in the total of 25 µL reaction mixture volume of MasterTaq DNA polymerase kit (Eppendorf AG, Hamburg, Germany). PCR products were visualized on 1.2% agarose gel stained with GoldView Nucleic Acid Stain (Bejing SBS Genetech Co. Ltd.). The size of amplified fragments was compared to 100 bp DNA ladder (GeneRuler, Fermentas) . Positive PCR samples were purified by using a QIAquick PCR purification kit (Qiagen) and sequenced. Sequencing was performed at the Department of Molecular Biology (Faculty of Natural Sciences Comenius Univer-sity, Bratislava, Slovakia). The complementary strands of sequenced products were manually assembled. Sequences were compared with GenBank entries by Blast N2.2.13. Homologous sequences were aligned using the alignment explorer CLUSTAL W (Altschul et al. 1997) .
Sequence similarity was calculated by using of EM-BOSS Pairwise Alignment Algorithm. Fragment of 16S rRNA gene with a length of 594 bp was embedded to GenBank database.
Results
Altogether 113 deer keds were examined for the presence of A. phagocytophilum. Nineteen of them were removed from the samples of skin with fur removed from twelve deer individuals. The rest of winged "questing" deer keds were collected by flagging the vegetation. Portion of 16S rRNA gene with a length of approximately 600 bp was recorded in two wingless deer keds. Interestingly, both deer keds were removed from deer, tested negative for the presence of pathogen. First one originated from red deer from the locality Turňa nad Bodvou and second one from the fur of negative roe deer from the locality Paňovce. Nucleotide sequences isolated from both deer keds were 100% identical with each other. Obtained isolates (GenBank Acc. No. GQ175174) shared 100% similarity with homologous 16S rRNA sequence (AY055469) from GenBank database, as well as with A. phagocytophilum strains isolated from Swedish horses (AY527213, AY527214). The rest of deer keds removed from the samples of skin with fur were negative. Similarly, all winged deer keds from the vegetation were negative.
In group of 12 deer (6 red deer, 4 roe deer and 2 fallow deer) infested with L. cervi, four individuals (1 red deer, 1 roe deer and 2 fallow deer) were positive for the presence of A. phagocytophilum. Bacterial DNA was confirmed in all tested ungulate species. The rate of infection was 33.3%. No evidence of infection was found in tissue samples of roe deer and red deer which were infested by Anaplasma-positive deer keds. The average prevalence of A. phagocytophilum infection in the file of all 122 tested wild cervids (red deer, roe deer, fallow deer) was 25.4% (Víchová et al., manuscript in preparation).
Discussion
Anaplasma phagocytophilum is an obligate intracellular gram-negative bacterium circulating in the natural foci in tick-host enzootic cycle (Dumler et al. 2001; de la Fuente et al. 2005) . Transovarial transmission of these bacteria has not been observed yet. For the circulation and maintenance of the pathogen in natural foci the presence of competent as well as susceptible hosts is necessary (Woldehiwet 2006) . Anaplasma phagocytophilum DNA and/or antibodies have been detected in humans (e.g., Chen et al. 1994; Lotric-Furlan et al. 1998; Blanco & Oteo 2002; Petrovec et al. 1997; Kocianová et al. 2008; Nováková et al. 2010, etc.) and in wide range of animals worldwide (e.g., Stuen et al. 2003; Stuen et al. 2007; Woldehiwet et al. 2006) . In Europe, red deer (Cervus elaphus) and roe deer (Capreolus capreolus) are considered as persistently infected with A. phagocytophilum and serve as the source of infection in natural foci (Liz et al. 2002; Petrovec et al. 2002; Polin et al. 2004; Smetanová et al. 2006; de la Fuente et al. 2008; Štefanidesová et al. 2008, etc.) . Biological transmission of A. phagocytophilum is performed by the ticks from Ixodes ricinus complex. As published previously by de la Fuente et al. (2005) , in areas where Ixodes sp. ticks are not abundant, other tick species e.g., Dermacentor sp. and Rhipicephalus sp. serve as biological vectors of the pathogen.
Besides the biological transmission via competent vectors, other possible routes of transmission have already been described. Blood, infected with Anaplasma can be transferred from the reservoir hosts to susceptible sterile ones via biting flies (de la Fuente et al. 2005) . Moreover, A. phagocytophilum was detected in syringophilid mites infesting passerine birds, what accentuates the importance of mites in the vertical transfer of pathogens from parent birds to their nestlings (Skoracki et al. 2005) .
Except of blood-sucking arthropods and mites as potential vectors, hunters exposed to deer blood are at risk due to the potential acquiring of infection through the skin injuries during the contact with infected blood and fomites (Telford 1997; Kocan et al. 2004; de la Fuente et al. 2005 ).
Blood-sucking dipterans were tested for the presence of Anaplasma sp. as potential biological or mechanical vectors of pathogens (Zaugg & Coan 1986; de la Fuente et al. 2005) . Hawkins et al. (1982) confirmed the ability of tabanids to transmit Anaplasma mechanically, from the acutely infected to susceptible splenoctomized calves. Data obtained in his study confirmed that horse flies remain mechanically infective for at least 2 hours after obtaining the blood meal from infected individuals. Also de la Fuente et al. (2005) recorded A. marginale in two tabanid species (Atylotus loewianus Villleneuve, 1920 and Tabanus nemoralis Meigen, 1820), what indicates their role as potential mechanical vectors of this agent among free ranging and domestic animals. Potgieter et al. (1981) were trying to transmit A. marginale under experimental conditions from splenoctomized, acutely infected cattle to sterile ones through Hippobosca sp., but all their attempts failed. Likewise, all Lipoptena cervi collected in the field study by de la Fuente et al. (2005) were found negative for the presence of A. phagocytophilum and A. marginale.
In Slovakia, Štefanidesová et al. (2008) detected the presence of A. phagocytophilum in great proportion of tested wild ungulates. The prevalence was 50.0 ± 18.2% in roe deer and 53.1 ± 14.1% in red deer. High rate of infection have suggested the indisputable role of cervids in the circulation of the pathogen in natural foci of Slovakia. Deer, which are in discussion as the reservoirs of infection, are commonly infested by the blood-sucking insects from the genus Lipoptena (Kočišová et al. 2007 ). This fact underlines the potential role of these ectoparasites in the transmission of pathogens.
In this study, in addition to removed deer keds, also deer tissue samples were examined for the presence of A. phagocytophilum using the same molecular approach. None of red deer from the locality Turňa nad Bodvou were positive. Anaplasma-positive deer ked originated from red deer (from the locality Turňa nad Bodvou) in which we did not record infection. The second deer ked was removed from uninfected roe deer (from the locality Paňovce). In total, four out of twelve examined deer were positive for Anaplasma. One roe deer and one red deer from the locality Rozhanovce, and two fallow deer from the locality Turňa nad Bodvou were positive for the presence of A. phagocytophilum. Prevalence of infection reached 33.3%.
Nucleotide sequences of 16S rRNA gene from cervids obtained in the present study were compared with isolates, derived previously from Slovak ruminants (e.g., strains "C368" and "SRNAROZ" from roe deer), deposited in GenBank database under accession numbers GQ122212 and FJ84534. Multiple alignment of nucleotide sequences revealed 100% homology among them.
Transmission of pathogens between wildlife themselves and wildlife and domestic animals which share common grazing grounds and watering-places is usually caused by the mutual contact between them. Most probably, infected deer keds from our study acquired infection during blood meal on infected deer and afterwards, they changed the deer host. We presume this as the possible route of mechanical transmission of bacteria between infected and uninfected deer individuals.
Our study provides the first molecular evidence of A. phagocytophilum in deer keds (L. cervi) collected from the fur of wild ungulates. Even though the presence of DNA does not guarantee the transmission of pathogen, it may suggest the risk for the transmission of A. phagocytophilum or related pathogens to humans and healthy animals via the bite of infected ectoparasites. All the winged deer keds from the vegetation examined in our study were negative for the presence of bacteria, what indicates that these ectoparasites do not serve as competent vectors of the pathogen. On the other hand, based on our results, ectoparasites from the genus Lipoptena could ensure mechanical transfer and dispersion of the pathogen, what can make them potential vector of A. phagocytophilum within the susceptible population. To evaluate the vector competency of deer keds for A. phagocytophilum further field and experimental (xenodiagnostic) studies are needed to determine whether they contribute to the circulation and maintenance of bacteria in natural foci.
